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By Arthur W. Carter

An investigation wae made of the take-off and landing behavior
in waves of models of a @othetical flying boat hav3ng hull lengt&
beam ratios of 6 and 15. The flying boat had a design groB8 weight
of 75,000 pounaE, a wing loading of 41.1 pounds per square foot, and
a power loading of U. 5 pounds per brake horsepower for take+ff.
The hull of high lengtbheam ratio was designed to meet advanced
requirements for increased speed and increased range for flying+oat
designs and has been shown to have low drag.

An increaee in lengtl+beam ratio’from 6 to 15, reduced the
maximum verticel accelerations during landing approximateely 25 percent,
increased the maximum ~ acceleratiti during landing 15 to 30
percent, and reduced the motions in trim and rise as we13 as the
msximm trti and rise. The reductions in trim and rise would make
landings in waves less hazardous with the MU of high lengt&beam
ratio then with the hull.of low lengt&beam ratio.

Jnwavee 2 feet high and 11.Ofeet long, the rsnge of speed and
load over which spray entered the propellers during take+ff was con-
siderably greater with the length-beam ratio of 15 thsn with the lengt&
beam ratio of 6. The spray entering the propel.ler8of the hull with the
high lengtkbeam ratio, however, was acceptable. The hull with high
lengt&beam ratio was less likely to reach a dangerous attitude during
take-off than was the hull with low lengt&beam ratio; the take-off
behavior with the high lengt~beam ratio was generally less violent.

INTRCIDUCTION

As psrt of a general investigation of the effect of hull lengt&
beam ratio on the aerodynamic and hy&mQnamic characteristics of flying
boats, the landing and tak-off behaviar in oncoming waves of a hyp-
otheticalflying boat having’hu13 lengt~beam ratios of 6 and 15 have been
determined. These hulls are two of a related series with different lengt&
beam ratios designed to have similer resistance and spray characteristics
for the same gross wei@t @ to be physically interchangeable on the

. . . .. .. . .. .. .-. .—— -.-. — .--- .,.- .. ... ...--. —- . —-.--—---- —--------- -. —-. . .-.,.-.,. -



2

same I@potheti”cal.
beam wciluct ad,

seaplane design.
therefare, become

NACA ~ NO. 1782

All the hulls have the same length2–
longer amd narrower as the lengt&—

beam ratio is increased.

The wind-tunnel hvestigation of the series (reference 1) has shown
that the mlnimnn aercdgnamic drag of the hull with a lengt&beam ratio
of 15 is ~ pmcent less than the drag of the hull with a lengt&beam
ratio of 6. The tank investigations in smooth water of dynamic models
with hull lengt&beam ratios of 6 and 15 (reference 2) have shown that
the @&@namic qualities of the flying boat with the hull lengtKbeam
ratio of 15 are satisfactcmy and & not differ greatly from the qualities
of the related flying hat with the more conventional U lengt&beam
ratio of 6.

The hypothetical seaplane design is a ~ngine propelle*iven
fl@g boat ha* a deei~ woss might of ‘75,000pounds, a whg loading
of 41.1 pounds Ier square foot, and a puwer loading of 11.5 pounds per
brake horsepower for tak~ff. ~ of pmrd dynamic mcdels of
this airplane with the two len@&%e~ratio hullE were made in rough
water cmesponding to full+ize waves of various sizes up to apprazimately
500 feet in length and 6 feet in height. *SY characteristics in a 2-foot
wave amd the behavior of the two hulls during taxi and take-off tests in
*foot and &foot waves slso were obtained.

SYMEas

CA gross load coefficient (4J%3)
o

-b maximum%eam of hull, feet

g acceleration due to gravity

.

(32.2 ft/sec2)

L

nv’

w

u

Y

aistance from forwerd perpendicular to sternpost, feet

vertical acceleration, g tits

horizontal velocity (carriage speed), feet per second

vertical velocity (sinldmg speed), feet yer second

specific weight of water (63.3 fdr these tests, ~
taken as 64 for sea water), pounds per culic foot

~ acceleration, radians per second per second

flight-path angle, degrees

.
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A. @?oEs load, pounds

●

✌

,

,

T trim (sn.gleletween forehdy keel at step and horizontal),
degreeB

T
L

land- trti, degrees ‘

DESCKD?TION OF MODELS AND APPARJITUS

The form, size, and relative locaticms of the aercdyaemic

1 izeiowered dynamic models ccmrespcmded to thosesurfaces of the ~-s

of a Navy tw-ngine flying boat. The mdel having a hull len@&
beam ratio of 15 was designated Iangley tank mcdel 224 (fig. l(a)).
The model havhg a hull lengt&beam ratio of 6was designated Iangley
tank model 213 (fig. l(h)). The geqepal arrangement of the flying
boat is shown in figure 2. Pertinent characteristics a@ dimensions
of the flying hats are given in table I. The length,used for dete~
mining the lengtl+beam ratio is the distance from the forwerd perpe~
dicular to the sternpost.

The hulls have the same depth of step, position of the step
relative to the mean aerodynamic chord, maximum depth of hull, ratio
of forelmdy to afterhdy length, and length2-beam prcdnct. A detailed
description and offsets of the hulls are givbn in reference 1. For con-
venience in making changes to the afterlxiliee,the fairing after the
sternpost (reference 1) was emitted from the tank models and a elight
modification was made to the sides of the afterhd.ies above the chine.
These changes would have a negligible effect on the hydrodynamic charac–
teristics. .

The mciielswere powered with thre+blade metal propellers driven
by two variable-frequency motors. Slats were attached to the leading
edge of the wing in cinderto delsy the staU to an angle of attack more
nearly equal to that of the full-size airplane. The pitching moment of
inertia of the ballasted mcdels was 5.8 and 6.8 slu~feet equare with
lengt~%eam ratios of 6 and 15, respective~.

The investigation was made in Langley tank no. 1, which.is described
in reference 3. The apparatus ueed for testing dynamic models is describ-
ed in reference h. The setup of mdel 224 on the towing carriage is
shown in figure 3. The mcxielswere free to trti about the pivot, which was
located at the center of gravity, and were free to move vertically but
were restrained in roll and yaw. For the self-propelled testo in waves,

——.-—.— _ ___ -—–—— ——T-—-— -—--.--....—. ——.— _______ ._ ___ . .
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the models had ap~mdmately 2 feet of fme-and-eft freedom with
respect to the tuwing carriage in tier to alx&b the horizontal
accelerations intrdhzced by the impacts.

An accelerometer mounted on the towing staff of the malel
measured the vertical “accelerations. Two accelerometers were used
to measure the angular accelerations. These accelerometers, which
were mounted 1 foot apabt vertically, were located within the model
in such a manner that their centers of gravib were in line with the
center of gravity of the mcilel. Slide+rlre pickups were used to
measure the trim, rise, and fOr--aft position of the mmlel. M
electrically actuated tiim brake, ‘whichwas attached to the towing
staff, fixed the trim of the mciielin the air and controlled the
initial ap~oach. The trim _brakewas automatically released when the
hull contacted the water. Ih order to detemuine the ~art of the hull
contacting the water, electrical contacts were located at the stem
post, at the step, and at a point apprarimately 40 percent of the fore-
bcxlylength aft of the farwsrd perpendicular. Wave struts forward and
aft of the mdel were used to record the wave p@Xles and to determine
the length between wave crests. .

Waves were generated ‘bya wave maker which consists of a ewin@ng
plate hinged at the bottom d driven ly a connecting rod at the top
of the plate. These motions generate appradmately trochoidal waves
that travel from the narth end of the tank through the test section
and into an area.where they are dissipated ly a heath. The desired
height and length of waves are obtained by a suita%le combination of
amplitude and frequency of the plate. Two landingB usually are made
during each test run of the wave maker. Between test runs, the wave
maker is-idle in order to permit dissipation of prm and reflected
waves.

●

,

t
,)

.

I!IWCEDUKES

The investigation was made at the design gross load corresponding
to ~,ooo pounds, except fcm the spray investigation in which the gross
loads corresponded to loads from 40,000 pounds to n,000 pounds. The
flaps were deflected 20° and the center of gravity was located at 32
percent meau aerodynamic chord.

<

inb?behavmr .- The landing behavior was investigated“bytrimming
the model in the air to the desired lamding trim, at a speed slightly
above flying s~ed, emd then decelerating the towing carriage at a unifozm
rate of 2 feet per second per second, which allowed the tiel to glide

?

onto the water and simulate an actual landing. Results of several tests
in rough water have shown that, except at dangerously low trims, there was ,

.
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no appreciable effect of landing trim on either the vsriation of trim
during the landing runout ar the maxhmm accelerations. u landings

were consequently made at approxtite~ 8°. The behavior on ltiing
was observed visually, and a time history of the landing behavior was
centinuously recorded throughout the landing run. The ti.mehistOry
included recordings of trti, rise, for~d-aft position, vertical
accelerations, angular accelerations,wave profiles, and speed. me
landings were made with power on and with the thrust adjusted so that
the model upn initial contact with a wave
lloay.

spray characteristiccs.- The.speeds at
pellws were determined visuaUy for gross
to the normal gros+load condition.

was approximately a free .

which spray entered the prc-
loads from a lightly loaded

TSXTJ.Wand tak+off behavior.- The tax@ng behavior in waves was
investigate with full thrust up to hump speed at a forward rate of
,accelerationof O.03g. The take-off behavior in waves was investigate
with full thrust up to take-off speed at a forward rate of acceleration
of approximately O.lg. Complete time Mm@ries of the tsxi and take-off
runs were recordea.

KESUZTS AND DISCUSSION

IEulatflgIMavior.

Photographs of t~ical records of landings in waves are shown as
figure 4. Of particular interest are the records of vertical acceleration -
showing that the ifitiel impact was less severe than several of the sul+
sequent fmpacts. Angular accelerations above the mean are causea by a
bowdown rotation resulting frcmla sternpost impact. ‘Rleseaccelerati~
are considered as negative angular accelerations. ‘I!herecorclsindicated
that the maximum vertical accelerations during a landin& generally
occurrea when the forehdy was approximately parallel to the forward slope
of the wave. Furthermme, if the aternpost enterea the water prior to or
simultaneously with the step, the vertical acceleration WaEIgenerally less
than that of a fore%oilyimpact.

The results of ell the landings in waves of hulls with lengt&beam
ratios of 6 and 15 sre “presentetiin tatles II aniiIII, respective~, for
use in further analysis. As may be seen in tables II and III, the sinking
speeclsfcm the initial landing approach ranged from 0.66 to 1.74 feet per
second (125 to 330 ft/nin, full size) ad were mall comparea with the
sinkiqj speeas at the maximum vertical.accelerations. The s~ng speeds,
preceding the maxtmum vertical accelerations, rangea from 0.92 to 7.44

,“ feet per second (175 to 1410 ft/min, full size) with the low lengt&beam
.

.—. .-—___ —-—. . . ..- ..— —. —____ ____,,, ——. . .—. —— .-—... _____ . . . . . -
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ratio and frmQ 1.03 tO 5.64 feet yer second (195 to 1070 ft/ti, ~
size) with the high lengtW%eam ratio. b gemd, the d&lng-speeds
at msximum vertical acceleration with the low lengt~eam ratio were
greater then those with the high lengtl+beam ratio.

Vertical acceleratians.- ‘The variation of vertical acceleration at

initial impact withwme length is shown in figures 5 and 6 for lengt&
heam ratios of 6 and 15, respectively. The vertical acceleratims at
.initid.impact were appxxtitely 45 percent less at the long wave lengths
than at the short wave lengths.

The variation of mximun vertical acceleratim with wave length is
shown in figures 7 and 8 for lengt=ea ratios of 6 ,and15, respectively.
At all wave heights a peak was reached in the vertical accelerations at
the shorter wave lengths. At the longer wave lengths, the accelerations
were apprarimately SO percent less than the accelerations at the peak.
An increase in wave height from 2 feet to 4 feet increased the peak accel-
erations apprbtely 45 percent. When wave height was increased from
4 feet to 6 feet, the yeak accelerations remainmi approximately the same.

The position of MnUng -on a wave for the initial impact as well as
subsequent impacts during the lending runout was not under control of the
o~rator, and this lack of co-ntrolaccounts for the scatter of the test .
data. The euvelopes of the data indicate the maximum proha%le acceler~
tions that would ye oMained far the range of wave lengths’ investigated.

The eight or ten l-ings made at most wave lengths were considered

adequate to deterntne the maximm probable acceleration.

The effect of lengtl+beam ratio on vertical accelerations during

landings in waves is shown in figure 9. Lengtl+beam ratio had a

negligible effect on the accelerations at initial. impact. Ihasmch as

the hulls of luw and high lengtlAmam ratios had the same dead rise
(20°) at the ste~, the wetted area of the two planing surfaces at
inltial @act was probably not very different, which would account for
the accelerations %eing apprcdnrately the same. I&cm observations of
the landings, the chine -rsion of the hull with high lengtMeam
ratio appeared to be negligible on initial Impact.

b increase in lengtHeam ratio from 6 to 15 reduced the peak
maxdmmm verticel accelerations appretely 25 percent. At impacts

subsequent to the initial Impct, the hull of high lengtl+beam ratio

had more tendency to cut through the waves than the huXL of low length-

%eam ratio tith conseq~nt greater ctie -rsion. The reduction illver-
tical accelerations for tie h~ ~~ tie ~n~-bm ratio of 15 WOfid be
expected on the basis of @act theory because of the larger chine
immersion with the higher lengtMeam ratio. (See reference 5.) ‘

.

,

,

.
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l!hepeak vertical
beam ratios apparently

acceleration for both the
occurred at the same wave

low and high lengtlk
length for each wave

height. A comparison-of the accelerations at ~tial &pact and the
maximm accelmatiom shows that the maximm acceleration alwayf3

occurred at some impact subsequent to the initial and that the accel—
eratimi at initial. impact was small compared with the mximum acceleration.

accelerations.- The variation of angular acceleration at
initial impact with wave length for the low and M@ lengt&beam ratios
is shuun in figures 10 and U, respectively. The _ accelerations
at initial impact were less at the longer wave lengths than at the shorter
wave lengths. 9%3.sreduction at longer wave lengths was approximately
60 percent in &foot waves and 50 percent in 6-foot waves. Some of the
angular accelerations at initial impact were negative as a result of a
sternpoti,impact,but the values were small compared with the positive
accelerationri.

The Variaticm of Imxhmlm angular acceleration with wave length is
shown h figures 12 and 13. A peak was reached in the positive angular
accelerations (3OW rotated upward) at the shorter wave lengths. At the
longer wave lengths, the accelerations were reduced as much as 65 percent
below the accelerations at the peslc. An increase in wave height from 2
feet to k feet inoreased the peak accelerathns apprmdmatel.y 50 percent;
whereas an Increase b wave height frti”k feet to 6 feet increased the
peak accelerations less than 10 percent.

The negative angular accelerations occurred when a low+lown rotation
was induced during landing on the sternpost. The negative accelerations
were smaller at long wave lengths than at short wave lengths although the
percentage reduction with increase in wave length was lees thea that of
the positive accelerations.

The effect of lengtl+beam ratio on angular accelerations during
landings in waves is shown in figure 14. The lengt=eam ratio had a
negligible effect on the accelerations at Initial impact in 2-foot waves.
Increasing the lengtkbeam ratio from 6 to 15 increased the angular accel–
erations at initial impact approximately 35 percent in 4-foot waves and
60 percent in afoot waves.

h increase in lengt&beam ratio from 6 to 15 increased the peak

~ ~ accelerati~ appawte~ 30 percent in *foot waves,
20 percent in J&foot waves, and 15 percent in 6-foot waves. k &-foot
waves, the mex5mmm negative angular accelerations at the peak were.reduced
35 percent.

—.— . ..——...._. —.. —,—— .= ——__ . _______ -------
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.
M3tiops in trti.- The maximumend minimumtrims at the greatest

cycle of oscillation that occurred during the landing run are plotted
against wave length in figures 15 and 16 for length-beamratios of 6
and 15, respectively. The variation of trimwithwave length was small.
The maximmn cycle of oscillation in trti occurred at apprhtely the
same wave length as that at which the peak maximm vertical acceleration
occurred; a alight reduction in the trim cycle was obtained at wave
lengths both sh~er and longer than the wave le~h at which the nmxinmm
cycle was Obtia.

●

✎

The effect of lengtplesm ratio on the msximum and mbxlmmmtrjm.e
during landings inwaves is shown in figure 17. The msx- trims for
%oth Ien@lSbeam ratios exceeded the stall angle. The msxinmmtrti with
the low lengtlSbeam ratio was from 20 to 60 greater than that with the
high lengt~eam ratio. The msximm change in tri.mwith the high lengt&
heam ratio was approximately 25 percent less than that with the low
lengtl+beamratio. These reductions in the trim motions and in the max-
imzmtzrims would mske landings in waves less hazardous with the hull with
high length%eam ratio.

Motions in rise.- The maximum and mintmm rise at the greatest cycle

of oscillation that occurred during the lading run are plotted against

wave length ti figures 18 and 19. h &foot waves, the greatest cycle
occurred in waves approximately 240 feet h length. The maxhmm rise was

reduced somewhat at wave lengths both shorter and longer than 24o feet.

The effect of lengt&beam ratio on the maximum and minimm rise

aurhgl_f3 inwavea is shuun in figure 20. The maxhnn rise was
reduced when the lengtHeam ratio was etiended from 6 to 15. The max-

.

immm rise with the hul.lwith low lengtl+beam ratio was not determined in
&foot waves for wave lengths between 16o and 250 feet ad in 6-foot waves
for lengths below 400 feet inammzch as the rise would be in excess of
that available in the tabk. The mirdmnm rise with both lengtl+beam
ratios in &foot and &foot waves was approximately the same.

*- Characteristic.

The range of speed over which spray entered the propellers in waves,
2 feet high and 110 feet long, is sham in figure 21.. Distinguishing
between light spray and heavy blister spray was not possible and.,there
fore, the comparison was made with the light-spray range of speed in
smooth water (reference 2). The hull with the lengtl+beamratio of 6
tended to ride over the tops of the waves and the range of speed and
load over which any spray entered the ~opellers was reduced fm this
particular wave. The hnll with the len@lAmamratio of 15 tended to
cut through the tops of the waves, however, and the range of speed and

-.. . -,. .—--—--,-- :.-,-—,——-——-.—— .—— —. . ..._— ——— _-, _.. .
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load was increased when compared with the range for smooth water. In
waves 2 feet high and I-I-Ofeet long, the range of syeed and load over
which spray entered the propellers was considerably greater with the
high lengt&beam ratio than with the low lengtMeam ratio. The spr~
entering th popellers with the high lengtl+beam ratio was acceptable,
however, based on the observations of the spray characteristics of a
n@er of modeti of successful conventional flying boats.

The results of the investigation of the taxying and.take-off
behavia of the hulls with luw and high lengtl+beam ratios in rough
water are qualitative, %ut several points are of interest. Although
the trim cycles were large in k-foot waves, the bows did not dig in.
Observations indicated, however, that a decrease in length of either
forelmdy would not be advieahle under these conditions.

Tracings of typical records made during take-offs in waves for
both hulls are shown in figures 22 and 23. I!othhulls demonstrated a
tendency to follow the waves in the trim and rise motions at the lower .
speeds. The phase relationships of trim and rise ere of interest in
that the rise reached a maximm shortly before the trim reached a minimum.

The trim cmd rise motions with the lengt~eam ratio of 6 were small
in 2-foot waves until tak~ff speed was approached. At a speed corre-
sponding to 50 miles per hour, the model reached a stalled attitude and
since flying speed had not been oht-d, the mtiel fell back into the
vater. Upon contact with a wave, the,model again bounced clear of the
water end trimmbd to a stallXl attitude.

h k-foot waves, the motions in trim and rise with the lengt~eam
ratio of 6 were large and the stall angle was exceeded neer hump speed.
In waves 4 feet high and 200 feet long, the take-off run was discontinued
at a speed corresponding to 55 miles per hour in order to avoid possible
damage. h waves 4 feet high and 150 feet long, the malel came clew of
the water at a speed correapondi& to 55 miles per hour, reached a stalled
attitude, and fe12 back into the water with an impact acceleration of 2.5g.
Upon contact with a wave, the mcxlelagain bounced clear of the water and
trinmed to a stalled attitude. Fl@ng speed was obtained lefore the
model again entered the water. At high speeds, the behavior in 2-foot
and k-foot waves did not differ greatly.

i% !&foot waves (fig.23) the oscillations in rise with the lengt&
beam ratio of 15 were very small. The oscillations in trim were not
.great and the trim did not exceed the stall angle during the take-off run.

.. ---- .—. — .—. — . ,. ..,.. .. ——. .—- -——— -.. .-—
,.., .,.”



—-. .— . ..=— —— —_. .—...__. ___ __ —

10 NACA ~ NO. 1782

m 4-foot
large but

wavee, the oscillations in trim and rise at low syeeds were

did not appear to be dangerous. At higher speeds the oscilla-
tions became small as the hull @aned over the wave crests and relatively
stabb take-offs were =de. A comparison of the take-offs for the hull
with high length-beam ratio shows the mrked &Mf erence h the motions in
2-foot and in 4-foot waves.

The take-off investigation h rough water indicated that the hull

with Mgh length-beam ratio was less ILkely to reach a dangerous attitude

than was the hull with low length-beam ratio; the take-off behavior with

the hull of high length-beam ratio was generally less tiolent.

CONCLUSIONS

The results of the investigation of the behavior in waves of a
h~othetical flying boat having hull length-beam ratios of 6 and 15 at

a gross load correspnMng to 75,000 Iounds led to the following con-
Clwions :

.

1. AU increase in length-beam ratio fram 6 to 15 reduced the
maximum vertical accelerations a~tig lan&l@ approximately ~ percent.

2. h increase in d_ength-beamratio from 6 to 15 increased the
ma~ angular accelerations during lanctlng15 to 30 percent.

3. An increase in length-beam ratio from 6 to 15 reduced the
motions in trti and rise as well as the maximum tr~ and rise. These
reductions would make landings in waves less hazardous with the h~
of high length-beam ratio than with the hull of low length-beam ratio.

4. In waves 2 feet high and HO feet long, the,ran& of speed and
load over which spray entered the propellers during tab -off was con-
siderably greater with the length-beam ratio of 15 than with the length-
beam ratio of 6. The spray entering the propellers for the hull with
high length~eam ratio, however, was acceptable.

‘i. The hull with high lengt&beam ratio was less likely to reach a
dangerous”attitude during take+fP them was the hull with low len~h~eam
ratio; the take+ff, behavior for the hull with high length-beam ratio was
generally less violent.

Leh@e y Aeronautical Iabo&tory
National Advisory Committee for Aerouutics

Langley Field, Va., Septeniber21, 1948
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.

TABZEI

HREUUNT CHARACTERISTICS AND DlllENSIOMS~ FIXINGBOATS

mm HOIL LET$GT&HEAMRATIOS”~6JmD15

, .

~=6 $.15
b

9neral

Design gossloml,lb . . . . . . . . . . . “ ~,ooo 75,000
Grossload coefficient,C

b“”””””””
0.94 5.88

Wingarea, sq f%...... . . . . . . . . 1826 1826
‘lak~ffhcmsepowe r..... . . . . . . . 6500 6500
winglcaiUng, lb/sq ft..... . . . . . . 41.1 41.1
Powerloading,lb/hp . . . . . . . . . . . . “ U.5 U.*5

ill
MZdlmlmbem, fi . . . . . . . . . . ...’. 10.76 5.84
Iength:
Forelxdy,bowtostey,fi”. . . . . . . . 37.1 50.4
Forebdy length+eam ratio . . . . . . . . 8.6
Afterbody,step to sternpost,ft . . . . . 2;:Z 3~.;
Afterbcdylengt=eam ratio . . . . . . . 2.5
Tail exbension,9ternpostto aft perp9n-

.

aim,ft. . . . . . . . . . . . . . 27.3 17.5
oveHCll, buw to aft perpenli*, ft . . 91.8 105.1

Step:
THIN*..**.*..********” “ ~~:”: Transverse
Depth atkeel, in....... . . . . . . 11.6
Depth at keel,percentbeam . . . . . . . 9:0 16.5

Angle of forebcdykeel to base line,deg . .
Angle of afterbcdykeel to base line,deg . 5.: ‘ ~.:
Angle of tiernpostto base line,deg . . . . 7.4 “
Angle of dead rise of foretdy:

.

EkcluiHngchineflare,deg.. . . . . . . “ 20
lhclmiingchineflare$deg.. . . . . . . 16.5 16;;

Angle of dead rise of efterbcdy,deg . . . . 20 20

=
Span,A . . . . . . . . . . . . . . .“”.. . l;&~ 1:2.;
Root chord,ft . . . . . . . . . . . . . . .
Man aerodynamicchord (lLA.C.):

● .

J-ength,wo3ected, ft.... . . . . . . 13.7 13.7
Leading@ged?tofbow, ft . . . . . . . 30.4 42.;
Leadingedgeforwardofstep, ft . . . . . 6.7
Tmdingedgeaboveba8eline,ft . . . . . 15.1 15:1

Angle ofticfdence,deg . . . . . . . . . . 4 4

. ),

,

.

.—— .. —- .-, .,.....— ----.. :,,- ....-. . ....“.’ ,.
. ..- ;.,....:. ,.’
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TABIEI - Concluded

“~ OHARA&lXRISTICSAND D~ONS (YF~ IKMTS- Concl.udml

13

&=6 L
b -=15b

Horizontaltail mrfaces ,,

Area, i3qft . . . . . . . . . . . . . . . 333- 333
SIlml,ft . . . . . . . . . . . . . . . . . 43.0 43fl
Angle of stabilizerto wing chord,deg . . -4.
Elevatorroot chord,fi . . . . . . . . . 3.20 3.20
Elevatorsemiapan,ft..... . . . . . 16.7 16.7

. Lengthl%om 25 percentM.A.C. of wing to
Mmgeldneo felevators,ft . . . . . . 49.5 ‘“: ‘ 49.5

Heightabovebase line,fi. . . . . . . . 19.0- 19.0
,-..

I&opellers r’
Numberof propellers..’. . . . . . . . . 2 ., 2
‘Nmtmrofblailes. . . . . . . . ... . . .
Di-tm, ft . . . . . . . . . . . . ... 16.? 16.;
Angle of thrustline to base 1~, deg . .
Clearanceahvekeel,f t”:.. . . . . . . 8.: .’ 8.;

“’”=&=,.,
,-

1,

—.. — ... ———--—— --= ---- ———-—..-—. —y.—- — - —. —— -- –—-— —,.- ,..’.
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TABEdII

DATA OBTAINEDDURING’IJANDINiWIN WAVES
HIXTIa RATIO,6

[Allvalues are model size ]
—

~

%

:s)

$
L.6

3.1

1.0

2.0

2.0
2.0

.8
2*O

1.8
LA

1.8
2.0
2.0

1.%
2.9

2.5

2.6

2.2

2.6

1*3
2.3

.4

.5

1.0

2.3
1.5

.8
1.1

●7

2.5

$;

2.9
2.
2.t

.2
2.

4.4

3.0

3.0
3.2
3.0

3.4
3.0

1.2

2.0

mInftiali=

II=Vv Vh 7

!PS) (fps) (deg)

a

-8

.

sec

10
4
b

33

2

13

&4

2

18
10

10

G

10
28

23
20

13

16

;
-6
*

4

20
0

+
o
0

20

:
10
15
12

8
-lo
36

3

18
21t
32

z

o

9

.—---—

dave
Bigls
(L%)

Iave
mgtk
:ft)

anding

1
2
3

4

5

6

i

18

U
12

:$
15

16
17

18

19

20
21

22
23

24

25

26

H

29
30
3

ii

3

3

%
41

42

$?
45

46
47

48

49

pact

ieg:

).2
.2
.2

.2

.2

.2

.2

.2

.2

.2

:2

.2

.2

.2

.2

.2

.2

.2

.2

.2

.2

.2

.2

.2

.2

:;

.2

.2

.2

.4

.4

.4

.4

.4

.4

.4

.4

.4

.4

.4

.4

.4

.4

.4

.4

.4

.4

10.4
U.o
U.o

U.o

U*O

10.6

L1.2
10.5

12.3
G*9

H*4
22.4

12.4
12.7
14.3

14.3
14.3

13.8

14.3

14.3

14.8

14.
16.il

17.8

17.8

17.3

17.5
19.0

19.0
20.2
19.8

12.1
~c:
13*C
13.C
12*
15.!
15.6

15.1
16.C
15.2

15.7

15.4

2
1 .!
1 .4

16.(
16.[

17.:

18.(

D.o
9.4
D*O

9.5

8.o

8.o

8.o
8.o

8.1
7.5

7*5
7.5

&

8.o
8.2

8.7

8.8

7.6

7.8

t:

8.o

8.o

8.2

8.2
8.1

8.1
8.2
8.1

8.8
8.5
8.9

%;
8.5
8.5

$&g

8:0

8.o

8.o
8.o
7.5

7.6
7.4

7.5

7.5

!.I.233.5 1.9

L.1O 36*9 1.7

.94 36.8 1.4

L.03 38*O 1.6
1.55 36*O 2.5

L.@ 37.4 1.6
1015 37.3 1.8

L.01136.211.6

●97

.82

.74

36.3

38.0

37.6

1.5,

1.2

1.1

.99

1.0:

37*C

36.4

1.5

1.6

1.*I 36.511.6

II1.09 36.1 1.8
1.15 36.2 1.8

I1.07 36.1 1.
1.17 36.2 1.t
1.02 36.9 1.6

1.12 35.3 1.8
1.15 35.9 1.8
1.05 35.5 10

:$: %: ;:!!
1.50 35.0 2.5
1.07 35.0 2.0

look 37.2 1.6

.98
1.06
.x

1.5
1.6
1.4

looj

l.of

37.0 1.7

37.0 1.6

aImpact for madmm angular accaleratlon.

—.. .—, ..-~:,.~ . . . . ... ,/. :, ---7. . . ,~, . ,,.,.. ,,
— -—
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,

Iandin

9

!n

52

53

9+

55

56
57

58

59

lg

62

63

64

65
66

%

69

70

n
72
73

$

77

78
79

&
81

&

84

85

8+5

%
89
90

91

92

93

*

Wave
?eigh(
(ft)

0.4

.4

.+

.4

.4

.4

●4
.4

.4

.4

::

Jt

.4

●h

.4
●4

.4

.4

.4

.4

.4

:!

.4

.4

.4

.4

.4

.4

.4

.4

:;

.4

.4

.4

.4

.4

.6

.6

.6

.6

.4

.6

Wave
,engti
(ft)

17.3

17.2

16.7

16.9

16.7

16.2

16.4
16.3

17.0

17.0

16.9
17.0

16.6

19.6

20.1

2Q.O
21).1

19.3
20.3

20.2

19.8

20.2
19.7
23.7

Z2.9
22.0
22.8
23.1

23.3
22.9

22.4
22.3

33.5
32.5

33.0

33.6

33.0

33.4
33*4
21:~

22.5

21.5

21.5

22:7

TABLE II-Conttied

DATA OJZTAINSDEUFUNGIMDIHGS IH WAVE. - Contirraed

7.5

7.4

7.6

7.6

7.6

7.6

$:$

8.4

8.4

8.4
8.o

8*O

9.0

9.6

8.o
7.7

9.0
9.0

7.6

7.7

7.6
7.6
7.7

8.o
7.9

;:Z

H

8.o
8.0

z:;

7.9

7.9

8.2

B.2
8.3
8.2
8.3

8.2

8.2

8.2

8.4

——

Inii
Vv ‘h
(fps)(fps:

1.09 37.0

1.03 36.7

1.09 37.0

1.08 37.3

1.26 37.2

1.23 37.5

1.04 37.8
1.09 36*5

1.13 37.4

.98 37.8

1.72 37.9
1.05 37.7

.99 36.9

1.21 34.5

1.53 33.2

1.02 36.6
1.19 37.0

1.74 35*5
1*72 35*7

.% 37.5

1*1O 37.5

1.06 37.
1.17 37.2
1.41 36.5

1.50 35.8
1.38 36.2
-— 37.7
1.07 37.0

1:3 %:2

;:% %

::% %:;

1.40.36.9

1.45 35.9

●88 35.4

LM” 35.0
1.10 35+1
1.01 36.0
.94 36.1

.90 36.0

1.11”36.9

1.12 35.4

.93 34.8

din

7-
:deg)

1.7

1.6

1.7

1.7

1.9

1.9

1.6
1.7

1.8

1.6

2.6
1.6

1.5

2.0

2.6

1.6
1.8

2.8
2.8

0

1.7

1.6
1.8
2.2

2.4
2.2
—.
1.7

1.3
2.5

1.7
1.7

1.8
2.%

2.2

2.3

1.4

2.
1.?
1.6
1.5

1.4

1.8

1.8

1.5

—.. _.— . .. —._ “——,. .- —- -

act

%

(g)

2.0

2.4

2.0

3.2

2.9

.6

3.6
3*7

3.2

3.4

6.3
3.5

4.3

2.5

1.7

2.8
0

$.;
●

3.0

.8

3:2
2.0

3:8

1.6
0

2.2
3.4

M

1.2
4.1

2.6

.6

.5

1.
.i

2:g

3.7

4.3

2.6

3.3

Haik
se

9

13

0

30

14

-9

42
45

24

w

n
24

33

9

4

lJ

U
.40

27

7

12
19
0

5
5

2

:;

22
33

2?

14

-lo

-5

-12
-11
12
-5

40

32

12

27

bpact
T

deg:

Haxi
Vv

‘fps)

m ac

‘h
:fps)

)leration

T

7%.
:deg) (g)

aImpactfor maximumangularacceleration.

.,—...— -—., _ ..—.— .. —- .—.-—.-.,-

1.1.8 8.9

w z;
1 .6 6.3
t1 .4 11.5
8.4 5.5
1 ●5 13..4
21 .3 7.1
11.7 9.0
XL*2 7.0

;:: :!

;;; ;:;

6.5 5.

w Z:!

::; ;:!

~:: ;:5

$! #

8.2 5.1
12.8 10.8

E:{ &
4.3 6.9
8.2 9.3
11.o “3.5
14.7 1.1*5
6.8 8.9

14.1 11.5
7.9 6.6

2:; R
11.2 10.2
3.5 3.6

%:; U
--- 6.0
10.1 6.8
7.0 5.4
10.6 7.2

w z::

1;:2 {:?
U.o 7.0
11.4 p?
---

?:; iz
5.9 3.2

U7 7.1
7.6 4.4
6.6 6.2

L

w k;
9.2 5.7
13.3 11.2
u7.~ 11.5

9:5 H
7.0 8.2
10.5 8.o
4.7 4.8
13.5 6.3
10.9 3.5
10.9 9.5
3.2..79.0

Y—

—-. __-_—
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.

And@

95

96

%

i%

101
102

J
10

105

la

NJ
10

109

llo

112
,
1.3.3

Ilk
115

U6

117

U8

119
1.20
121
122

%
125

1.26

H

%

131

132

2
13
13

lJ
13

1$
13

ii%

141
142

%

145

146
147

Wave

#?
Iei t
()

0.6

.6

.6

:2
.6

.6

.6

.6

.6

.6

.6

:2
.6

.6

.6

.6

.6

.6

.6

.6

.6

.6

:2

:2
.6
.6
.6

.6

.6

.6

:2

.6

.6

.6

.6

.6

.6

.6

.6

.6

.6

.6

.6

:2

.6

.6

.6

Wave
angtl
(ft)

22.9

24.2

24.4
$;:;

26.0

24.1
24.4
23.3
25.0
23.8

2 .8
22 .2
25.2
25.1

1
2 .2
2 .8
24.3

25.3

23.6
29.1

30.6

28*1

29.6

28.1
29.1
29.6
~.o
3.5
3.7
31.2

32.8

?$:
43.2

3-3.4

41.2

q
41.
46.0

%

45.5
45.2

46.8

w
42.9

47.2

48.1
47.2

TABLE II - Conolnded

DATA OBTAINEDmJFUN13IANOINGSm WAW - .con~uded .

T
L
dog:—

8.4

7.9

8.o
8.2
8.1
8.1

8.1

:::
8.1
8.1

8.2
8.5
8.1
—-

—-
---
---

7.9

K:

8.2

8.3

8.2

:3
8:4
8.0
8.0
8.1
8.0

8.0

8.0

::1
8.4

8.5

8.5

8.4
8.4
8.4
8.3

::2

8.4
8.%

8.2
8.3
8.3
8.3

8.2

8.2
8.3

Vv

fps)

0.98

.85

.98

.93

.75

.87

.98

.91

.66

.99
1.00

:E
.97

1.05

:3
1.02

.91

1.15
.82

.94

.84

.9:

:%

l.o~
1.OJ
1.2C
1.11
l.ck

1.17

1.07
.82
.82
.85

.M

.W

.9:

.9?

.95
1*3I

.9E

.9[

;7J

1.2C
1.0(
l.lt
1.01

.91

.8:

.6

ml

Vh

Ups)

35.0

$.0

37.3

i
3 .9

$::

37.7
37.6

w
38.3

$i

36:9

$:!
.

36.8

R

36*3

36.2

36.8

$.;

36:7

M
36.6
36.8

36.2

3::

w

38.5

39.0

Z$
35.2
35.9

%.1
36.5

36.8
37.2

35.0
36.0

J*O
3 .2

36.3

$.;
.

aImpact for maximum angular accaleratiou

all

7-
deg)

1.6

1.3

1.
1.t
1.1
1.3

1.
1.1
1.0
1.5
1.5

1.2
1.4
1.
1.z

1.5
1.
1.2

1●k

1.8
1.3

1.5

1.3

1.4

1.5
1.
102
1.6
1.9
1.7
1.6

1.8

1.6
1.2
1.2
1.3

1.3

1.2

1.
1.2
1.6
2.1

1.6
1:5

1.4
102

2.0
1.8
1.9
1.6

1.5

1.4
1.4

aat

%

(g)

1.8

1.0

2.5
.5

1::

2.
z

;:8
3.0
105

.4

.4

.9
1.2

.8
0

2.2

2.7

3:?

2.1‘

1.9

1.9

1.2

3.:
2.4

.$
2.

2.6

2.3

2.1
1.4
2.1
1.7

2.2

2.3

.7
2.6
1.1
2.6

2*2
2.0

2:2

2.1

“z1.
.9

1.0

1.6
104

a

msea

3

6

;

-3

E

1;

;
4
0

-8
0
7

19

3!2

6

5

4

0

1?
4
10
0
8

7’

IA

1:
2

6

25

-7

-$

II
5

-;

10
-7

:

-8

16
6

. .. ,,,,--- .- .-’-, ...’. ,...”,-

mpact

—“,,

.
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,

,

Lsndln
wan
lelgt
(ft.)

0.2

.2

.2

.2

.2

.2

.2

:$
.2

:2
.2

:2
.2
.2
.2
.2
.2

::
.2
.2

::
.4
.4

::
.4

:t
.4

:?

::
.4

:!
.4
.4
.4

.4

::

.4

●4
.4

:t
.4

.k

:!

::
.4
.4
.4
.4

Wave
Lsngti
(ft)

10*9

10.9
11.2
11.1

11.1

11.3

14.0
14.0
14.
13.d
1 .6
21 .8
14.0
14.0
17.9
17.1
1 .9
i1 .2
18.1
16.9
1 .7
81 .7
19●9
20.1
19.2
20.4
15.8
1504

15.6
15.7
15.7

15.k
15.5
15.2
16.9
16.7

16.8
17.
16.i

;;::

:;;

19.2
20.2
19.7

19.5

20.0
20.0
20.4
20.0
19.9

19.
22.3
---
22.6
22.8
22.9
22.7
25.
25.(

TABL2 III

DATA OBTAIXEO DURING LANDINQS IW WAVES ‘
LENOTE-3EAW RATIO, 15

[KU valuesaremodalsiz.] ‘

7
L
deg
—

6.7

6.8

M

7.0

7.0

6.8
;::

7.0
7.
7.1
7.7
7.7
7.
7.z

;:8
7.9

;:3
7.9
7.
7.8
7.8

f::

7:i
7.

7.9

M

R
8.7

8.8
9.1
9.2

::2

;:2
7.9

D.3
---
---

---

7.
,.i

;:!
.

1:;
3.9
3.0
3.1

;;/

5.6-

Vv

(fps:

1.46

1.62
1.67
1.62

1.26

1.15

I*J
1.2

1.10
1.00
1.26
1.26
1.28
1.3
1.1~
1.28
;:;5

1.2?
1.0
1.12
1.22
1.05
1.26
1.29
1.20
1.07
1.00

l::;

1.03

1.15
1.0
1.22
1.17
1.09

1.19
1.12
1.14

.98
1.01
L.20
L.@)
1.02

.96

.98
L.11

1.14

L.14
1.02
1.23
L.12
.96

1.14
1.03
L.O
L.O3
.98
L.15
L.19
L.12
.9k

Ml—

-7
:deg
—

2.:

2.5
2.6
2.5

2.0

1.8

1.9
1.7
1.7
1.5
1.9
1.9
1.9
2.0
1.8
1.9
1.
1.z
1.9
1.6
1.
1

;:6
1.9
1.9
1.8
1.7
1.6

1.6
1.1
1.5

1.7
1.6
1.
z

;:6

1.8
1*7
1.7

1.
z

;:8
1.5
1.5

1.4
1.5
1.7

1.8

1.8
1.6
2.0
1.7
1*5

1.7
1.6
1.6
2.2
L.
1.1
1.8
L.7
1.5

1.6

2.2
1.5
2.1

2.0

1.2

1.0
.9

2.2
1.2
2.0
1.
.2

1.4
101
1.6
1.2
1.3
1.5

1:2
1.8
.6

10
1.{
1.6

H

2.1
3*3
.5

3.2

1.
2*?

1.4
1●4
.3

::;
;.6

3:2

2.7
1.1
5.1

;;;
1.8
1.7

1.
J:;

●7
1.2
1.4
2*1
3.0
.7

1.5

-.—. — .

a

w8
,ss0

Impac

ahpact for maximum -~ acceleration.

—. _..._.—_______ -..—---.— — —~ - -—-—. —
,

ion

%

(g)

3“il2.

--——
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TABL3III -Conoludml

DATA OBTAINED DURIMg IANDINCS IN WAVES - Concluded

a

t-$see

13
10
-6

3j
-lo
60

46

58
-3
1(J

76

%
:

-11
16

15

(deg

Ion

l=

4 a’

(g) 800

I 1 I , ,
\ NA~

.

.

●

✎

aImpact for MSXbum angular acceleration. =-ZY=
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Figure I.- Hull length-beam ratio models.
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Figure 2.- General arrangement.
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*

3 (a) Wave height,2 feet.
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; . ...ikkii~ 2!’02E0 ,fta 4(X) U40 480 5Z)

Wave lea

2 (b) Wave height,Q feet.
~

.

X2

8

— — — —

(o) Wave height, 6 feet.
--=G=

Figure 5.- Variation of vertical acceleration at initial impact with wave
length. Length-bean ratio, 6.
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(a)Wave height,2 feet.

~ (b)Wave height, 4 feet.
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(o)Wave height,6 feet.

F@ure 6.- Variationof verticalaccelerationat initialimpactwithwave
length. Lm@h-bem ratio, 15.
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s
(b)”Waveheight,Q feet..
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0
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Wave le~~ft

(c)Wave height,6 feet.
v

Figure8.- Variationofmximun verticalaccelerationwithwavelength.
Length-bearatio,15.
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Figure 9.- Effect of length-bean ratio on vertical accelerations.
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1 (a) Waveheight,2 feet.
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1
(b)Wave height,4 feet.
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6
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Wave le h, ft

(c) Wave height, 6 feet.

Figure 1o.- Variation of angular acceleration at initial impaot with wave
length. I.angth-bean ratio, 6.
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(b)Wave height,4 feet.
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Figure //.- Variation of angular acceleration at initial @act with wave
length. Length-beam ratio, 15.
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.

N (a)Waveheight.2 feet.

(c) Waveheight, 6 feet.

Fl@lra IZ.- Variation of matinnm angular acceleration with wave length.
Length-bean ratio, 6.
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(b)Wave height,4 feet.

Fi&llre13.-Variationofmaximunmar =celerationtithwavelength.
Length-bemratio,15..
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Fi@re (!5.-Variationof maxinmmandminimun trimuith wave length.
Length-beamratio,6.
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Figure16.-Variationofnmxhmnnandminlmumtrimwithwavelength.
Length-beanratio,15.
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● Wave le&h, ft-

(a) Wave height,2 feet.

(b) Wave height,4 feet. “

Wave length,ft -

(c) Wave height,6 feet. ~-

F@re /8.-Variationof maximumandmlnimunrisewithwavelength.
Langth-beanratio,6.
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(a) Watieheight, 2 feet.

(b) Wave he5ght,4 feet.

“F#-1-F
(c)Wave hei@t.6 feet. ~

Figure 19.-Variationofmaximmandminimmriseuithwavelength.
Length-beanratio.15.
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Waves 2 feet high and 110 feet long
.—— —— -— &moth water (referenoe 2)
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